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157] ABSTRACT

An acoustic communication system is disclosed as a
secondary means for command control of underwater
operations from a surface unit. The system includes a
diving acoustic command control unit for use in the
event of prime propagation path occlusion. Self-check
verification as well as data read-out upon interrogation
is provided from the surface unit to an underwater
receiver-transponder. The latter will also respond to
acoustic command signals from the diving unit. An
early warning blowout detector employs sensors at the
wellhead to detect seismic waves, mud pressure wave
fronts and mud flow rates resulting from an emerging
blowout and in response thereto, transmits an alert sig-

nal.

23 Claims, 12 Drawing Figures

4la
40q - OR [/
% SECTION (A | | -GATES (92
g ] ARM,TEST, DISARM 8
COMMAND DECODERS 1 ¢
. SOLENOID
w DRIVERS
E CLOSE LOWER PIPE RAM
< Z . » OPEN_LOWER PIP
SECTION (B) . &, —f—LC > CLOSE MIDDLE PIPE RAM
MHD *| ARM,TEST, DI SARM & =i = ~ OPEN MIDDLE PIPE RAM
COMMAND DECODERS WA A= CLOSE SHEAR RAM
A OPEN SHEAR RAM
LI sec ] UNLOCK RISER
>—
~ EER 46
| | _TO DECODERS ARM- ~0
EVENT  _|ALERT _ N %Séiﬁ” 44 + [SELECT
DETECTION |ENCODER i- <
50 - _ ENABLE
48 T M | 47
ARM, DI SARM [ comp. TesT W |SELECT [ acTuaTE
& TEST ACKNOWLEDGE |- ACKNOWLEDGE
ENCODERS I ENCODERS |2 ENCODERS
52 45 | POWER TO ALL
53 50 FUNCTIONAL BLOCKS
/] [ {—] PROJECTOR SPQUENCE [ T+ )
DRIVER LOW
: LOGIC — VOLTAGE e
- - DETECTOR [e}———
49 UNDERWATER RECEIVER E—
DATA LINK TRANSPONDER UNIT
FROM {o—l— SEQUENCER 23
EXTER- 20 WORD SEQUENCE —
NAL L + FRAME SYNC
SENSOR'S 20 | (8 BITS+PARITY/WD)

Sl



U.S. Patent Dec. 27, 1977 Sheet 1 of 6 4,065,747

- _/20
A | I‘_l 1
PA=—— |
[I

e J T_Z‘Wf\




4,065,747

Sheet 2 of 6

Dec. 27, 1977

U.S. Patent

N SEOIE
S 6°91d OL
02> :19313S QHOM VY.LVQ C

iNd1lNO V.Lvd TVIddS ©
(Y3AIFOIY—H3LLINSNVYL)

Y5 LINA30HING? suanya 72| X3
9¢
440 43M0d (8) (V) J3S ¢
pge 98€ Q3NNYSIA(E) (V)23 0— cyaniya ToaEIoSId
a3INYY (8) 03S ¢ dWY LNIA3
WY TV "GO a3WHY (V)93S NYVSIG WYY |
010NV 1S3l - pe
Q3LVNLOV [o— s4300930
ST Ty Eepemnn———eE SO T e N B I T 17
¥300030%87| ~ 13S3N vmmmzma dWVT SANVAIWOO (¢ ave
ANYIWWOO-*] ¥IAIYA dIWVT 0L 13534 aandlogy | ISE
AYVSIa e G 6
6¢ SANVININOD 5430093

JO0ITMONNOY

N3SIy ooINn-11 ) ONIANOJS3Y (8) O3S« iS3L ONVIWWOD

WYY 8V3IHS N3do 0l | ONIONOJS3Y (V) D3Sc

NWVY MYIHS 3S0T10°6 SdWV1 13NVd PSE
WYY 3did 37104IN N3dO'8
WYY 3did 31QQIN 3S0T10 2

WYY 3did 43IM01 NIJO'S .
NVH 3did 83MO01 3S010 'S ANVWNOO
M_Eooamm.rz_ vivd ¥

01) o LSILE

$3002 02 .
4012373 WHVSId ¢
WSV %qm_m wz_\"_mzommm_ WEV

44

SE3JCQOONS

€e

d43AIH0
ONILVYD B8 d01 030 0dd HOLIMS ¥l
JON3N03S d3O0NASNVHL



4,065,747

11vg || 141v8 || 11vd

\O

e R
- M
ol _.

— N
m.w SHO019 TYNOILONNA
n..\n..u 11V 0L ¥3IMOd

- X,
(= 319vYN3
N
Yy
71..
N
Q
L
- H3SIY¥ MOOTINN
AVH HY3HS N3IdO
WYY HV3IHS 3ISO1D
Qe WvY 3did 370gIN N3dO
- WYY 3dId 37Q0IW 3S01)
O AYH 3did ¥3ImM07 N3dO
M WYY 3did 43IMO1 3S0 1O
oW
=

———
[T, r 4 T, T N S —

SYIAQOIN3
JO9TITMONMOV
JivVNLIV

1937138

€2

v Ol

LINO d3ANOJSNVYYHL

™
>

dIAIF03H HILVMYIANN

SH3JOIN3
OO0 TMONMOV
1534 ANO0D

1531

1G
83 LNI (AM/A LI¥Yd+S11g 8) [ OC mmomumm
V1VQ INAS JAVE4 + [
FONINDIS QHOM 0z | *  P-H3ILX3
MION3INOIS o) WOdyd
MNIT V.iva

M3AIHQ Vs
HOLO3rodd [ il
g
SY3IQOON3

1531 8
WHVS I ‘WYY

8v ozl
— §3000N3|_NOILO313C
LY37v[" INJA3

4

SY¥300534d ANVIWINOD
8 WHVSIQ 1STL WY b _“_gs
(8) NOILO3S - a0l

div

S¥30003d ANVWWOS |
2 WNVYSI ‘LSTL WSV — [ [
(V) NOILD3S |\u_ il

D)




U.S. Patent

Dec. 27, 1977

|
START E ;}
-

Ilh DISABLE

r/|4
PROJECTOR
-fvl/v':;l DRIVER
63
BATTERY
orf

|
SEC.A 4O
=== -
| { DECODE |/ START
| ARM [ '

| Gq

|
| | DECODE |
| DISARM | ]

|
: |
| |DECODE |! SET -
| TEST [i | et
R ] IR

41b III

SEC.B
secs 9% F'I
| | DECODE |
|| ARM
|
|
| DECODE
|D

w
>
ey
=

EVENT
DETECTION

l‘ il

DISABLE
G

Sheet 4 of 6

60s
0S

4,065,747

COMMAND ENCODERS [ ©©

ARM
CLOSE LOWER PIPE RAM
LOSE MIDDLE PIPE RAM
LOSE SHEAR RAM
NLOCK RISER

.
2.
3 ¢
5. U

POWER ENABLE FOR:
COMD DECODERS (SECA) &

PROJ. SYST., AND ENABLE
ACTUATE ACK. ENCODERS

DISABLE

G

. 46

PILOT VALVE
SOLENOID

DRIVER ENABLE

DATA LINK
PWR DISABLE

SDATA LINK
PROJ. GATE

DISABLE

ENABLE COMD TEST
ACK. ENCODERS &
DATA INTERROGATE

DECODER

FI1G. S

DISABLE

|

PWR ENABLE r-'o?:
COMD DECODERS (SEC B) &
PROJ. SYST, AND ENABLE

ACTUATE ACK. ENCODERS

: oY)



U.S. Patent Dec. 27, 1977 Sheet 5 of 6 4,065,747

TO UNIT 23

63/;“ RETURN N
g oo .
64/ L —

TYPICAL EVENT DETECTOR 80
LOWPASS THRESHOLD EVENT DETECTION
9 R INITIATES ALERT
= 82 |FILTER DETECTOR | TRANSMISSION SEQ.

F1G. 8

FROM TR
SWITCH (FIG. 3) 96 100

ARM 120 ms
ONE
DECODER
ENABLE

ALARM AUDIO/VISUAL
SWITCH ALARM UNIT

103




U.S. Patent Dec. 27, 1977 Sheet 6 of 6 4,065,747

70 MAX. DETECTION

- DE}’EE‘%R RELIABILITY
co 04 ||o

M EVENT \ EVENT

DETECTOR DETEC TION
63 E 106 --

B EVENT AND MAX. FALSE
e
DETECTOR

SECTION F1G 1O

IN UNIT 23

108 112

80
EVENT
DETECTOR NEC
104

62

EVENT
u DETECTOR |
06 QUALIFIED

63 : —— EVENT
EVENT ! DETECTION
DETECTOR
109

ENABLE

80 116

EVENT
DETECTOR

QUALIFIED
EVENT DETECT.

THRESHOLD
DETECTOR



4,065,747

1

ACOUSTICAL UNDERWATER
COMMUNICATION SYSTEM FOR COMMAND
CONTROL AND DATA

BACKGROUND OF THE INVENTION

This invention relates to an acoustic underwater com-
munication system, and more particularly to an appara-
tus for transmitting command or control signals to un-
derwater equipment and for receiving data signals
therefrom. The invention further relates to a system for
detecting an event near the underwater equipment
which may forecast an impending disaster, and to a
back-up acoustic communications link in a vessel
launched in an emergency to dive below any occluding
disturbance in the water.

Mineral exploration, development and production
equipment operating under water is currently being
implemented with either hydraulic or electronic/hy-
draulic systems which require the use of either electri-
cal cables or hydraulic pilot control cables, extending
from the sea-floor structure to a remote control center
which may be a drilling platform, a production platform
or a centralized subsea control station which, in turn, 1s
controlled remotely from either a surface platform or
shore station. Since all of these systems depend upon
maintaining the integrity of a “hard wire” in the water,
there is increasing concern, both in the industry and in
various regulatory agencies, that catastrophic failures
may occur if this link parts for any reason, such as may
result from a catastrophic blowout at a wellhead, heavy
weather, inability of a platform to maintain station with
a consequent drive-off, etc. An acoustic communication
link that propagates valve control commands directly
through the water would provide a method of maintain-
ing control in the event of failure of the hard wire link.
In the case of a failure in an oil producing operation
(where there is no evidence of damage or leakage in the
production flow lines) an acoustic link could be used to
reopen the production valves which are currently de-
signed to close automatically in the event of primary
control failure, such as power loss, or a hydraulic con-
trol line parting.

Other examples of activities and operating conditions
under which an acoustic communication link could be
used to advantage will be evident. Consequently, it will
be apparent that the present invention is not limited to
exploration and production of oil. Reference to that
type of activity serves merely to illustrate the impor-
tance of the invention, particularly in connection with a
catastrophic gas blowout occurring during otherwise
routine drilling operations. The magnitude and manner
of the blowout would be such that primary system con-
trol (hydraulic or electrohydraulic, depending on hard-
wire communication from the drilling platform to the
wellhead structure) is either deliberately or inadver-
tently disconnected. The present invention would pro-
vide an acoustic link that could be used as a secondary
command/control link with greater reliability than has
heretofore been possible.

In the past, efforts have been made to use acoustic
command/control links in underwater wellhead opera-
tions, as shown in U.S. Pat. No. 3,750,096. Briefly,
valves positioned under water at a wellhead are con-
trolled by coded acoustic transmissions generated at a
control station on an offshore rig through an underwa-
ter transducer fastened to the rig and hard wired to the
control station.
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An acoustic communication system has been found to
be advantageous not only in transmitting data relating
to monitored parameters from underwater equipment to
a control platform but also in providing an emergency
or back-up link. It is desirable to obtain monitored data
upon interrogation, and to be able to check or verify the
operation of the underwater communication equipment
upon interrogation by confirming critical signal path
integrity without actually interrupting operation of
equipment being monitored and/or controlled. |

A major problem with prior acoustic communication
systems is that, at the moment of greatest need, the
communications link is very likely to be occluded by
great turbulence in the water. If the acoustic transducer
is attached to or suspended from the platform rig at a
sufficiently great depth, this turbulence (which covers a
greater area near the surface of the water in the event of
a gas blowout) can be avoided, but this approach re-
quires extending the hard-wire link from the surface
over a greater length through the turbulence, thereby
increasing the probability that the communications link
will be broken through a parting of the hard-wire link.
Alternatively, it has been suggested that the acoustic
transducer be suspended from a small boat deployed a
sufficiently great distance from the platform that a tur-
bulence free communication path exists from the trans-
ducer to the underwater control apparatus. Such an
approach is, however, unattractive because of the risk
involved in launching a small boat, and the valuable
time expended in deploying it the sufficient distance.

SUMMARY OF THE INVENTION

The present invention is directed to a system for
reliable communication with an underwater control
apparatus in the shortest possible time without a hard-
wire link. Although the invention is particularly useful
in oil drilling systems, it surely is not limited to such
applications and can find widespread utility in other
systems.

In accordance with an important feature of the inven-
tion a diving acoustic transmission unit is provided
which is self-powered and which.can be released from
a surface platform to dive toward the underwater con-
trol apparatus.

An acoustic communication system in accordance
with a preferred embodiment of the invention employs
surface means for transmitting and receiving encoded
acoustic communications signals and an underwater
means for receiving coded communications and initiat-
ing operations called for by each communication. The
operations may include acknowledgement and tests to
confirm the operational integrity of a receiver control
unit before actually initiating the commanded opera-
tions. |

A diving acoustic transmission means is provided
which is self powered and contained within a vessel
adapted to be free diving once it is launched into the
water. Upon entering the water, it will begin transmit-
ting a preprogrammed communication which may be
comprised of an arming code followed by one or more
functional command codes. An acoustic transducer at
one end of the vessel projects the coded communication
in the form of acoustic waves which propagate in all
directions. A weight is preferably connected to that one
end of the vessel by a coiled line which pulls down the
vessel with the transducer end pointing downwardly.
To assure this attitude of the vessel as it descends, buoy-
ant material is included in its other end. Once the
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weight 1s resting on the bottom, the vessel will float
above it tethered by the line. In that manner the acous-
tic transducer remains free of occluding soil or plants at
the bottom while 1t continues to repeat the coded com-
munication until the battery power has been expended.

Detecting an event near underwater equipment
which may forecast an impending disaster, such as a

blow out in a well drilling operation, is provided by
means for detecting at least one of a plurality of parame-
ters of the event and generating an event detection
signal in response to signals from such detecting means.
Where more than one detecting means is employed, the
reliability of detecting an alarm condition 1s improved
by further means for determining that the alarm condi-
tion signal from each sensing means occurs within a
predetermined time interval (of less than about 3 sec-
onds). After all of the imposed tests have been satisfied,
the transmitting means is triggered to transmit an alarm
code. Once an alarm code has been received, an appro-
priate command is transmitted to a control system at the
wellhead, either through a primary hard-wire link or a
secondary acoustic link to actuate apparatus that will
prevent a blowout from the well head.

The novel features that are considered characteristic
of this invention are set forth with particularity in the
appended claims. The invention will best be understood
from the following description when read in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram illustrating apparatus
of the present invention in place in a well drilling sys-
tem.

FIG. 2 1s an isometric view, partly exploded, of the
present invention.

FIG. 3 1s a block diagram of a platform control unit
for use when the diving unit of FIG. 2 is not being used.

FIG. 4 1s a block diagram of a command receiver-
transponder for underwater equiment shown in FIG. 1.

F1G. 5 is a logic diagram of a preferred implementa-
tion of a portion of the system of FIG. 4.

FIG. 6 1s a block diagram of the diving unit of FIG.
2.

FIG. 7 is a sectional view of a marine riser in the
apparatus of FIG. 1.

FIG. 8 1s a block diagram of a signal conditioning and
threshold detector circuit for use in detecting gas blow-
outs in the system of FIG. 1.

FIG. 9 1s a block diagram of an arrangement of de-
coders for activating an alarm switch in a platform
receiver of the system of FIG. 1.

FI1G. 10 1s a block diagram illustrating variants in the
blowout detection system of the present invention.

FIG. 11 is a block diagram of another variant.

FIG. 12 1s a block diagram of still another variant.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The following description of preferred embodiments
1s in relation to an underwater oil drilling operation
shown schematically in FIG. 1, and will begin with a
description of an expendable, quickly launched, emer-
gency or back-up link 1 shown in FIG. 2 from the com-
mand/control communication system of FIG. 1. How-
ever, the communication system of the present inven-
tion is not limited to oil drilling operations and the
concept of a diving back-up link, as well as other fea-
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4

tures of the communication system disclosed herein
may be used in other types of underwater operations.
Referring now to FIG. 2 of the drawings, an im-
proved emergency or back-up link for control of under-
water equiment includes an expendable acoustic trans-

mission unit comprised of a housing or vessel 10. In size,
shape, and design, the vessel may be very similar to a

standard ASW (antisubmarine warfare) sonobuoy. It
may be 5 inches in diameter and about 48 inches long. A

rear section 11 i1s made of syntactic foam for buoyancy.
A central portion 12 houses suitable batteries, which
may be of the conventional nickel-cadmium type. Alter-
natively, conventional sea water activated batteries of
silver chloride or of the type disclosed in U.S. applica-
tion Ser. No. 595,586 filed July 14, 1975, can be used.

Forward of the battery compartment 12 is an elec-
tronic section 13 which will generate a communication
that may consist of an arming code followed by one or
more command codes to be transmitted acoustically
through a transducer 14. A wire frame 15 affixed to the
unit over the transducer 14 1s connected to a dead
weight anchor 16 by a coiled stainless steel wire 17
(which uncoils quickly once the unit is launched) to pulil
the unit down through the water and to hold the unit
floating above the bottom a suitable distance, for exam-
ple 20 feet, as shown in FIG. 1.

Before launching the diving back-up link 1, a pin 18 is
pulled from the vessel 10 to arm its electronic section.
Then a launch tube 20 (FIG. 1) releases the vessel 10 so
that it free falls into the water, thereafter repeatedly
transmitting arming and command codes until the end
of the battery life (about 600 seconds). Actual energiza-
tion of the transmitter substantially concurrently with
the launch can be effected 1n several suitable ways such
as by an electromechanical mechanism actuated by a
lanyard or by water activated mechanism. If used In
connection with a blowout preventer (BOP) stack 21 (in
the event an eruption of a gas blowout so disrupts the
water that an acoustic path between the BOP stack and
a drilling platform 22 is occluded), the diving unit will
at some point pass through the cone of disruption and
find an unoccluded acoustic transmission path to an
underwater receiver-transponder 23 which would be
mounted on either a BOP stack for drilling operations
or a subsea completion christmas tree for production
operations.

The diving unit thus far described is not, of course,
Iimited to use with a BOP stack. It can be used in any
situation where it is necessary, or desirable, to use
acoustic transmission from a point below any occluding
disruptions in the water.

The diving unit can be dedicated to any system by
simply programming the codes to be transmitted ac-
cording to the needs of the particular application. For
example, a programmable read-only (PROM) memory
may be used to store the codes in a fixed sequence. A
counter driven by memory cycle clock pulses then
repeatedly and sequentially addresses the PROM code
locations, each code being read out in parallel in a shift
register for transmission serially bit by bit. The shift
register would be driven by system clock pulses at a
sufficiently higher rate than the memory cycle clock
pulses. In practice, the memory cycle clock pulses
would be derived from the system clock pulses in a
conventional manner for a synchronous system.

The receiver-transponder 23 performs the following
functions:
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l. Receive and acknowledge coded acoustic arming
signals, which would enable it to receive control com-
mands. |

2. Receive and acknowledge coded acoustic com-
mands to initiate operation of either BOP or SSP func-
tions, i.e., ram closures or valve openings.

3. Upon receipt of a unique command, the unit
switches into a test mode that permits confirmation of
the operational integrity of all actuate command signal
paths within the receive control unit in response to
actuate commands without actually initiating the com-
manded actuations;

4, While still in the test mode, the unit transmits en-
coded acoustic data signals in response to a data interro-
gate command.

Normal communications with the receiver-transpon-
der 23 is from a platform control unit 24 which is prefer-
ably a completely self-contained signal encoder, trans-
mitter-receiver, and data read-out system enclosed
within a rugedized portable, splash proof package. This
unit preferably operates off both available platform line
voltages and an internal rechargeable supply. It pro-
vides sufficient amplification of generated commands to
drive an acoustic projector 25 hard wired to 1t and
suspended at shallow depth in the water below the
drilling platform. An additional projector-cable combi-
nation could be provided with this unit to permit porta-
ble operation remotely from the platform if required.

FIG. 3 illustrates a block diagram of the platform
control unit 24. This unit is capable of generating and
transmitting a plurality of command (test, actuate, and
arm-disarm) functions via command encoders 30. Illus-
trative functions are shown for a wellhead control BOP
stack. Sequence and gating logic 31 transmits to a trans-
ducer projector driver 32 the selected arm/disarm test,
and other command codes in the proper order. A trans-
mit/receive (TR) switch 33 couples the driver 32 to the
acoustic transducer projector 25 (FIG. 1) suspended in
the water.

When the receiver-transponder 23 (FIG. 1) at the
well-head receives a function (arm, test, data interro-
gate, actuate or disarm) code, it acknowledges by trans-
mitting a unique code or data. Decoders 34a, 34b, and
34¢ in the control unit (FIG. 3) decode the different
ones of the acknowledgement codes, each being capable
of decoding a number of different codes, and through
lamp drivers 354, 35b and 35¢, indicating on panel lamps
the acknowledgements. For transmission of data, there
is provided a data link demultiplexer 36 which displays
data as received via lamp drivers 37 and provides serial
data output with a capability of selecting one of 20 data
words from any of 20 specified low-rate wellhead sen-
SOTS.

The arm command code causes one or two underwa-
ter units to switch to a mode under which it will re-
spond to test and actuate codes, and the disarm com-
mand code disables the armed unit(s). The test com-
mand code permits testing, without actuation, of all
critical decoding circuit paths within the underwater
unit. In order to conserve power in the tested unit, an
audio alarm 38a will alert the operator when a 120-
second one-shot 385H times out after transmission of a
test command, reminding him to disarm the underwater
unit. A lamp driver reset logic unit 39 will reset the
one-shot after a test command when the disarm com-
mand is entered into the command encoder. The unit 39
also functions to reset lamp drivers as required in re-
sponse to decoder inputs.
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A block diagram for the underwater receiver-tran-
sponder unit 23 is shown in FIG. 4. In practice, the
underwater unit is totally self-contained except for the
transducers within a sealed pressure vessel with fully
redundant acoustic receiving paths to enhance reliabil-
ity. Electronic power is provided by sealed lead-acid
batteries packaged in the pressure vessel.

Separate receiving transducers 40a and 40) are pro-
vided for two separate and redundant decoders 41a and
41b. Redundancy is extended beyond the transducers to
include fully redundant decoding of all commands. The
redundant decoders are identified as sections A and B
solely for separate arming and testing through the plat-
form control unit. OR gates represented by a block 42
combine the outputs of the two sections in the underwa-
ter unit such that proper operation of either will ener-
gize the appropriate one of a bank of solenoid drivers
43, or will energize arm-disarm logic 44. The solenoid
energizing outputs from the OR gates select command
test acknowledge encoders 45 enabled by the logic 44
while the arm-disarm logic disables the solenoid drivers
43 via a line 46 during the execution of a test command.
When not testing, the energization of a solenoid driver
selects one of several actuate acknowledge encoders 47
enabled by the logic 44. Arm, disarm and test com-
mands are acknowledged by the arm-disarm logic 44
via encoders 48.

The arm-disarm logic 44 starts and stops a sequence
and gating logic unit 49 for selectively transmitting
codes from the encoders 45, 47 and 48, or from a se-
quencer 51 which assembles a 20 word sequence plus a
frame sync word to transmit data from 20 external sen-
sors. A low-voltage detector 50 continually monitors
the power supply batteries and causes an appropriate
code to be transmitted on a periodic basis when voltage
is low. A projector driver 52 transmits through a trans-
ducer 53 from the encoders or the data sequencer as
determined by the sequence and gating logic 49.

An exemplary implementation of the block 44 is
shown in FIG. 5 where the separate decoders 1n sec-
tions A and B for arm, disarm and test are set forth in
dashed line blocks 41a’ and 415'. Decoding an arm com-
mand in either section triggers 60-second timers 54 and
55 via OR-gates Gy and G, to turn power on to com-
mand decoders in both decoder sections 41a and 415
(FIG. 4), enable actuate acknowledge encoders 47
(FIG. 4) and enable the system for transmitting through
the projector driver 53 (FIG. 4). Triggering either of
the two 60-second interval timers 54 and 55 provides a
window during which decoding circuits will be pow-
ered to receive actuate or test commands. At the end of
the 60-second interval, the unit will automatically re-
turn to a passive state where only the arm decoder will
be powered.

If an arm command is decoded in section A, a 60-
second timer 56 is triggered to enable a pilot valve
solenoid drivers via an OR gate G; for any actuation
that may be required by a following command. Simi-
larly, an arm command decoded in section B triggers a
60-second timer 57 to enable the same pilot valve sole-
noid drivers via the OR gate Gi.

Upon receipt of a test command, the unit will be
disarmed by disabling (resetting) interval timers 56 and
57 via flip-flops FF, and FF,and OR gates G and Gsto
preclude inadvertantly operating a solenoid driver dur-
ing a test sequence. Although all command decoders
(other than arm and disarm) will be automatically de-
powered after 60 seconds, in the test mode the flip-flops
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FF, and FF, will remain set until receipt of a disarm
command. Thus when a test command is decoded in
section A, it sets flip-flop FF, which disables the timer
36 via OR gate G, so as to disable the pilot valve sole-
noid drivers over line 46. Similarly, a test command 5
decoded in section B sets flip-flop FF, for the purpose of
disabling the timer 57 via OR gate Gsand disabling the
solenoid drivers. A test command decoded in either
section A or section B will disable both timers 56 and 57

as outputs of gates G4 and G5 are cross connected. A 10
disarm code decoded in either setion A or B will reset
the flip-flops FF, and FF,. While set, either flip-flop
will enable command test acknowledgement enconder
45 (FIG. 4) via an OR gate Geg.

In order to conserve power in the test unit, an audio 15
alarm in the platform control unit will alert the operator
120 seconds after transmission of a test command, as
noted hereinbefore, reminding him to disarm the under-
water transmitter-responder. -

A disarm code decoded in either section A or B will 20
disable data link power via OR gate G5. It will also
disable a gate in logic 49 (FIG. 4) to the projector driver
from the data link sequencer 51 (FIG. 4). A disarm code
thus effectively shuts down the underwater unit. How-
ever, before doing so, the disarm code is acknowledged. 25
In the preferred embodiment illustrated in FIG. 4, that
is done by the appropriate one of the encoders 48 via the
sequence and gating logic 49 before the data link power
disable becomes effective.

The system thus far described is a secondary com- 30
mand control system to be used only when a hard-wire
communication link fails, and to periodically check to
see that the primary hard-wire link is transmitting data
properly from external sensors. To accomplish that, the
secondary acoustic command control system may be 35
periodically interrogated and the data thus received
from the external sensors compared with that received
over the hard-wire link.

To interrogate the back-up system for sensor data, the
arm code is first transmitted, then the test code is trans- 40
mitted. This places the back-up system in the test mode.
However, instead of following the test code with a
command test code (acknowledged by one of the en-
coders 47 (FIG. 4) selected by the command code), it is
followed with a data interrogate code. Once the test 45
code is received and decoded, it enables data interro-
gate decoders (via OR gate G¢ FIG. 5) in both sections
41a and 415 of the command decoders. Then when the
data interrogate command is received, it is decoded.
The output of the data interrogate decoders are com- 50
bined by one of the OR gates 42 (FIG. 4) to transmit a
data interrogate signal to the data link sequencer 51 and
to the sequence and gating logic 49. That enables the
data link sequencer to cyclically transmit a 20 word
sequence plus a frame sync word. 55

There are eight bits plus a parity bit per sensor data
word transmitted. The sequence and gating logic se-
quences the 20 words and gates them to the projector
driver §2 (FIG. §). The control unit 24 (FIG. 4) demul-
tiplexes the sequence to permit a selected sensor to be 60
read out serially by bit. As many sensor data words may
be selected as desired, one at a time, through a rotary
(thumb wheel) switch Sy, The selected word (eight
bits) plus the parity bit are displayed through lamp
drivers 37. Once all the data words desired have been 65
selected and read out, a disarm code is transmitted.

During a data interrogate time, actuate test com-
mands are not transmitted because the transducer 25

8

(FIG. 3) is actively engaged in receiving acoustic sig-
nals. When the test mode is to be used for testing pur-
poses, the test command is followed by selected com-
mand tests which are acknowledged through encoders
45 (FIG. 4) while solenoids 43 are disabled as described
hereinbefore. The command test acknowledge encoders
then switch the sequence and gating logic to transmit
the acknowledgment.

The expendable back-up link 1 shown in FIG. 2 is
implemented, as shown in FIG. 6, by a bank 60 of five
command encoders which are preset to generate appro-
priate commands, such as: arm; close lower pipe ram;
close middle pipe ram; close shear ram; and unlock
riser; all of which are commands associated with equip-
ment of the BOP stack at the wellhead. These are, how-
ever, merely examples since any other set of commands
for any other equipment may be preset in the command
encoders or programmed into a PROM which is se-
quentially and cyclically adressed. In either case each
command code is then read out serially bit by bit
through a sequence and gating logic unit 61 which
cyclically gates the commands to a projector driver 62
for the transducer 14. Power for automatically activat-
ing the three sections is from a suitable battery 63.

All communications, from either the primary unit 24
on the platform or the diving vessel 10, utilize binary
phase encoding techniques of variable sequence length
operating at a single center frequency. Any Doppler
shift in frequency due to relative motion, as while the
diving unit is descending, is compensated as described
in copending U.S. applications Ser. Nos. 604,085 and
604,121 filed on Aug. 13, 1975 by Michael G. Winters
and Robert C. Flanagan, respectively, now U.s. Pat.
Nos. 4,007,330 and 4,007,331, respectively. This method
of encoding provides a high degree of link security in
terms of both reliable detection of proper codes and
rejection of improper codes.

From the foregoing it is evident that an improved
acoustic communication system is provided as a secon-
dary system for a hard-wire communications link and
includes self-check verification and data read-out upon
interrogation and an expendable self-contained acoustic
command transmitter that can be launched as a diving
unit in the event of occlusion of the primary acoustic
propagation path. The advantages of the system include
the ability to confirm the primary acoustic signal path
integrity on a routine test basis without interrupting
operation of the system to be controlled. Also the div-
ing system provides an infinitely superior method of
establishing a clear propagation path from a command
projector to the receiving hydrohones mounted on the
subsea structure in the event of an emergency such as a
blowout. However, an early warning of an impending
blowout, according to a system to be described, may
permit the primary hard-wire communication link or
the secondary acoustic communication system to be
used to shut down the wellhead.

Referring again to FIG. 1 of the drawings before
beginning a description of the early warning system, a
marine riser 60 between the drilling platform 22 and the
wellhead connects the BOP stack 21 to the platform and
provides drill mud (and a return path for the drill mud)
for a drilling string 61 below the wellhead. As shown in
FIGS. 1 & 7, mud pressure and flow rate sensors 62 and
63 are mounted in the riser through an outer casing 64
which provides the return mud path for the drilling
mud being pumped under pressure through an inner
casing 66 to the point of entry of a drill bit 68 (FIG. 1)
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into the earth. A transducer 70 (FIG. 1) mounted on the
well drilling structure receives seismic waves propa-
gated from the point of entry of the drill into the earth.
These seismic waves are propagated through a solid
path comprised of the earth, the inner and outer casings
for the mud, and through other well drilling structure to
the sensor, which guarantees high speed seismic wave
propagation with a typical velocity of 10,000 to 15,000
feet per second.

When the drill bit 68 enters a high pressure gas
pocket 72, the high pressure gas will blow out through
the casings 64 and 66, and the wellhead BOP stack 21.
The marine riser 66 will usually not hold the high pres-
sure and will part from the wellhead causing great erup-
tion of gas into the water with tremendous turbulence.
Such catastrophic blowouts can be prevented if the
BOP rams are actuated in time to close off the well. A
hard-wire communication link (not shown) between the
BOP stack 21 and the drilling platform could be used to
command the BOP rams to close, as just noted, but in
the event the blowout does develop, the hard-wire link
is either deliberately or inadvertently disconnected in
an attempt to move the drilling platform out of danger,
or broken during initial eruption of escaping gas. That
would leave only the diving unit as a reliable communi-
cation link. An important aspect of the present inven-
tion is therefore to provide advance warning to the
drilling operator that a blowout is about to occur, giv-
ing him an opportunity to close the BOP rams, through
either a hard-wire link, the main acoustic command
system or the diving acoustic back-up unit in a more
timely manner.

Presently, the operator has available to him only
limited parameters to base his decision. He has available
drilling mud pressure monitored at the platform end of
the drilling string, and in some cases the return mud
pressure at the wellhead. He also has the visible cond:-
tion of the mud return from the marine riser. But these
are not very distinct indicators of an impending blow-
out until the blowout is well in progress. He also has the
torque being applied to the drilling string at the plat-
form, but in deep wells this is largely representative of
bore resistance rather than drill bit resistance.

To provide early warning, according to the inven-
tion, the transducer 70 is used to detect sound or seismic
waves propagated from the point of entry of the drill bit
into the gas pocket. The propagation media are the
earth and the well drilling structure, both of which are
solid (earth and metallic) as opposed to water and/or
gas. This will guarantee a seismic propagation velocity
of 10,000 to 15,000 feet per second. The propagation
time between the drill bit and the transducer 70 1s there-
fore significantly shorter than the time required for the
emerging high pressure gas to establish a blowout con-
dition above the BOP stack, particularly in deep wells
where catastrophic blowouts are most likely to occur.

The transducer 70 is connected directly to a signal
conditioning and threshold detector circuit 80 shown in
FIG. 8 comprised of a preamplifier 82, low-pass filter 84
and threshold detector 86. The detection circuit is fre-
quency and amplitude selective such that nominal dril-
ling noise and vibration would not trigger a false alarm.
This can be determined empirically during normal dril-
ling operations at all depths. The detection circuit may
be packaged in the transmiter-responder unit 23 (FIG.
1) and connected to transmit an alarm signal directly to
the platform via a hard-wire or to transmit a unique
phase-shift modulated alert code to the receiver trans-
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10
ducer 25 (FIG. 1) suspended in the water just below the
platform. In the latter case, detection of the alert code
by the control unit 24 trips a special alarm, alerting the
operator that a blowout was eminent, providing him
with a few seconds to transmit a command to the BOP
stack to shut down the wellhead. In either case, a hard-

wire communication link would be used as the primary
command system to shut down the wellhead, and then
for a back-up, the diving acoustic transmission unit
would be launched. However, if it is not feasible to use
the primary system for whatever reason, the diving
back-up unit may be used alone. In some cases the sec-
ondary acoustic command system may be used first in
place of the primary hard-wired system, but in either
case it would be desirable to launch the back-up diving
unit after transmitting commands via the primary hard-
wire link or the secondary acoustic link as it is inher-
ently more reliable in the event the blowout has already
begun out of the wellhead. In that case the black-up
diving unit may succeed where the primary and.secon-
dary command control system fail.

The alert code received and detected by the control
unit 24 may be two sequential code words, a first code
word used to simply arm the special alarm as indicated
in FIG. 9 by an arm decoder 96, and a second code
word which detected separately as indicated by an alert
decoder 98. The arm decoder triggers a 120 msec one-
shot 100 to enable an alarm switch 102 to transmit a
signal to an audio/visual alarm unit 103, thus assuring
that an alarm is initiated only when the unique arm code
1s first detected.

For greater reliability in detecting an emerging blow-
out, the mud pressure and flow rate detectors 62 and 63
may be connected to separate channels of a detector
section in the underwater receiver transponder unit 23,
as shown in FIG. 10, each with its own signal condition-
ing and threshold detection empirically established. A
detector circuit 104 connected to the pressure trans-
ducer 62 produces a step function signal in response to
detecting the pressure wavefront that would be gener-
ated at the point and instance of a blowout. That wave-
front travels upward in the return mud path. The
threshold detector is set to discriminate against normal
mud path pressure fluctuations to preclude false trigger-
ing of an alarm. A detector circuit 106 connected to the
flow rate sensor 63 is similarly used to sense abnormal
mud return velocities resulting from an emerging blow-
out.

The detector circuits represented by blocks 80, 104
and 106 in FIG. 10 could be used singularly to provide
an early warning blowout system that exploits either the
seismic waves, the mud return pressure wave, or the
increased flow rate of the mud return, by simply com-
bining them through an OR gate 108, or in combination
by combining them through an AND-gate 109 as de-
sired or selected, as by a switch 110. Still another possi-
bility is to AND pairs, such as 80 and 104, and 80 and
106, and to then OR the results of the paired signals, but
a preferred arrangement shown in FIG. 11 is to OR all
of the detector circuits and trigger a one shot 112 which
is then ANDed with all of the detector circuits. This
requires all detectors to produce a step function signal
within a set time (1 to 3 sec) of the first to do so before
an alarm is triggered. This adds to the test of multiple
conditions the test of simultaneity. (While three trans-
ducers are shown for three separate conditions, fewer
or more could obviously be used.) All tests being
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passed, the alert sequence would then be initiated as
described above.

Still another possibility for increasing reliability in
detecting an emerging blowout condition 1s to integrate
the output of the event detectors over some predeter-
mined time period not exceeding 1 to 3 seconds as
shown by an integrator 114 for the detector circuit 80,
as shown in FIG. 12. The integrator may be imple-
mented with digital or analog techniques and then
threshold detected again by a threshold detector 116 to
sound the alarm only after the integrator output exceeds
a predetermined level. The output of the second thresh-
old detector may be ORed and ANDed with other
signals similarly integrated and threshold detected.

As noted hereinbefore, the early warning blowout
(event) detection signal may be transmitted to the con-
trol platform over a hard-wire link. That would be the
primary communication link to rely upon. However, as
a secondary communication link for the event detection
signal, the secondary acoustic link could be used from
the underwater receiver transponder 23 to the control
unit 24 on the platform in the following manner. First it
should be understood that the detector section for sen-
sors 70, 62 and 63 would be continuously powered, as in
the case of the arm decoders in the underwater receiv-
er-transponder unit.

The event detection signal generated according to
the scheme of FIGS. 8, 10, 11 or 12 energizes the pro-
jector driver 52 (FIG. 4) via OR gate G, (FIG. 5) and
initiates transmission of an acoustic alert code via an
alert encoder 120 (FIG. 4). At that time, the alert en-
coder disarms the decoder sections 41a and 415 (except
the arm decoders) to assure that commands from the
control unit do not interfere with transmission of the
alert code from the encoder 120. Any other encoder
that may be active is interrupted by the priority given
an alert code 1n the sequence and gating logic 49.

The alert encoder includes a 1.1 sec transmit-enable
one-shot that is triggered by the event detection step
function to disarm the decoder sections 41a and 415 for
1.1 seconds while the alert code is transmitted. At the
end of that timing period, the alert encoder is autorati-
cally disabled, thereby relinquishing the sequence and
gating logic 49 and enabling the decoding sections 41a
and 415. The arm decoders, having been continually
enabled, may receive an arm code at any time as the first
in a sequence of commands to shut off the wellhead.
The other commands are to close the lower pipe ram,
close the middle pipe ram and close the shear ram. The
last command may be to unlock the riser.

Although a particular embodiment of the invention
has been described and illustrated herein, it is recog-
nized that modifications and equivalents may readily
occur to those skilled in the art. Consequently, it is
intended that the claims be interpreted to cover such
modifications and equivalents. |

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are described as
follows:

1. A method for emergency communication from a
control platform comprising the steps of transmitting
from a transmitter-receiver through a transducer in the
water near said platform an acoustic code to arm a
receiver-transponder adjacent said underwater equip-
ment; transmitting from said receiver-transponder an
acknowledgement code to said transmitter-receiver via
said transducer to indicate that said receiver-transpon-
der 1s ready to receive acoustic command codes; trans-
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" mitting one or more acoustic command codes from said

transmitter-receiver to said receiver-transponder via
said transducer; transmitting from said receiver-tran-
sponder acoustic acknowledgement codes for each
acoustic command code received, and launching a div-
ing vessel having a transducer and a transmitter prepro-
grammed to transmit acoustic command codes to said
receiver-transponder as said vessel descends through
the water, whereby said diving wvessel penetrates
through any turbulence in the water near said platform
that might occlude acoustic communications to water
near said underwater equipment that is free of any tur-
bulence for reliable transmission of acoustic communi-
cation codes to said receiver-transponder.

2. A method for testing a system for communicating
actuate commands to underwater equipment from a
transmitter-receiver at the water surface, said com-
mands being communicated through the medium of said
water to a receiver-transponder adjacent said underwa-
ter equipment, comprising the steps of: transmitting a
test code from said transmitter-receiver to said receiver-
transponder to prepare said receiver-transponder to
receive one or more following actuate commands in a
test mode without actuation of equipment in response to
actuate codes received; transmitting said one or more
following actuate codes to said receiver-transponder
from said transmitter receiver; in response to each actu-
ate code received by said receiver-transponder, trans-
mitting from said receiver-transponder to said transmit-
ter-receiver an acknowledgement code; decoding ac-
knowledgement codes received by said transmitter re-
ceiver; displaying each acknowledgement code de-
coded by said transmitter receiver; and transmitting a
code from said transmitter-receiver to said receiver-
transponder to cancel said test mode.

3. A method as defined in claim 2 wherein said receiv-
er-transponder is normally deactivated except for an
arm code detector, and including the step of first trans-
mitting an arm code to enable said receiver-transponder
to receiving other following command codes including
said test code and one or more actuate codes, wherein
said code transmitted from said transmitter-receiver to
cancel said test mode is a disarm code which disables
said receiver-transponder from receiving and decoding
any following codes except said arm code.

4. A method as defined in claim 3 including 1nterro-
gating said receiver-transponder for data from one or
more sensors connected to said receiver-transponder
while said receiver-transponder is in said test mode
including the step of transmitting from said transmitter-
receiver to said receiver-transponder a data interrogate
code in place of said one or more actuate codes; and
transmitting from said receiver transponder said data in
response to receiving and decoding said data interro-
gate code.

5. A method as defined in claim 4 wherein said receiv-
er-transponder transmits data from a plurality of sensors
in a predetermined sequence in response to said data
interrogate code, including the steps of multiplexing
said sensor data for transmission at said receiver-tran-
sponder and demultiplexing said sensor data received
by said transmitter-receiver.

6. A method as defined in claim 2 including the steps
of detecting an event near said underwater equiment,
generating an event detection signal in response to de-
tecting said event, transmitting from said receiver-tran-
sponder to said transmitter-receiver an alert code in
response to said event detection signal, decoding said
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alert code at said transmitter-receiver; and generating
an alarm signal in response to decoding said alert code.

7. A method as defined in claim 6 including the step
of transmitting from said receiver-transponder a unique
arm code in response to said event detection signal 35
before transmitting said alert code, and the steps of
decoding said unique  arnt code at said transmitter-
receiver, and enabling the generation of said alarin sig-
nal in response to decodmg said alert code.

8. A method as defined in claim 6 wherein the step of 10
detecting an event includes detecting at least one of a
plurality of parameters of said event, and the step of
generating an event detection signal 1s in response to
detecting any one of said plurality of parameters de-
tected.

9. A method as defined in claim 6 wherem the step of
detecting an event includes detecting a plurality of
parameters of said event, and the step of generating an
event detection signal is in response to detecting all of
said plurality of parameters. | ‘

10. A method as defined in claim 6 wherein the step of
detecting an event includes detecting a plurality of
parameters of said event, and the step of generating an
event detection signal is in response to detecting first
any one of said plurality of parameters and then all of
said plurality of parameters within a predetermined
time of detecting said first one.

11. A method as defined in claim 6 wherein the step of
detecting an event includes detecting a parameter to ,,
generate a proportional signal, integrating said signal in
a lossy integrator set to reach a threshold level in a
predetermined time span only in the event said signal
exceeds said threshold level for a time sufficient for the
integrator to reach said threshold. 35

12. A method for communicating with underwater
equipment from the water surface in the event of an
emergency comprisng the steps of providing a self-pow-
ered transmitter in a vessel, preprogramming said self-
powered transmitter to transmit acoustic codes in se- 44
quence, and selectively launching said vessel to permit
it to free fall through the water toward said equipment
while repeatedly transmitting said acoustic codes in
sequence.

13. A system for communication between a transmit- 45
ter-receiver in the vicinity of the surface of a body of
water and a receiver-transponder adjacent to equipment
near the bottom of a body of water, said transmitter-
receiver including means for selectively generating any

15

2

one of a plurality of unique command codes for trans- 59

mission from said {ransmitter-receiver, and a transducer
adapted to be immersed in said body of water for trans-
mission of acoustic signals according to said command
codes as selected and for receiving acoustic signals from
said receiver-transponder, said receiver-transponder 55
including means for receiving acoustic signals and de-
coding acoustic signal codes received to determine
what command has been selected at said transmitter-
receiver means responsive to said decoding means for

encoding a unique acknowledgement code correspond- 60

ing to the command code received and decoded to be
transmitted to said transmitter-receiver, means for
transmitting said acknowledgement code, means for
carrying out action called for by the command code
thus received and decoded, and means for receiving and 65
decoding each acknowledgement code transmitted
from said receiver-transponder, and means for display-
ing each acknowledgement code received and decoded.

14

14. A system as defined in ‘claim 13 including a back-

-up transmitter adapted to be launched as a free falling

unit from a position adjacent to- said transmitter-
receivet, said back-up transmitter having a transducer

and means for continually transmitting through said

transducer acoustlc signals of at least one command
code.

15. A system as defined in claim 14 wherein said
back-up transmitter is contained in a vessel with said
transducer at one end of said vessel, and means for
assuring the vessel descends through the water with
said one end pointed downward.

16. A system as defined in claim 15 wherein said last
named means is comprised of buoyant matenal in the
end of said vessel opposite said one end.

17. A system as defined in claim 16 wherein said
vessel in its entirety is buoyant, and said last named
means includes a weight tied to said vessel by a lanyard
of predetermined length, whereby said vessel floats

0 above the bottom of said body of water with said trans-

ducer at said one end free of any plants or debris for
continued transmission of acoustic signals.

18. A system as defined in claim 13 wherein said
receiver-transponder includes a plurality of actuation
means for separately initiating actions commanded by
selected command codes transmitted by said transmit-
ter-receiver and decoded by said decoding means of
said receiver-transponder, means for disabling said actu-
ation means, means responsive to a unique test code
decoded by said decoding means for setting said dis-
abling means, whereby an actuate command transmitted
by said transmitter-receiver may be received and de-
coded without initiating any action while said acknowl-
edgement means responds to said decoding means in
encoding an acknowledgement code to be transmitted,
and means responsive to a unique code decoded by said
decoding means for resetting said disabling means,
whereby a self-check verification upon interrogation is
provided for any actuate commands selected.

19. A system as defined in claim 18 wherein said
decoding means in said receiver-transponder includes
means for decoding a unique interrogate data code
while said disabling means is set for initiating transmis-
sions of data, and including means for encoding and
sequencing data in response to said interrogate data
code being decoded.

20. An acoustic communication system for control-
ling underwater equipment from the water surface, said
system comprising

means for transmitting and receiving encoded acous-

tic command and control communication signals
from said surface,

means situated at the site of said underwater equip-

ment for receiving encoded acoustic communica-
tion signals to initiate operations and for transmit-
ting data in the form of encoded acoustic communi-
cation signals in response to encoded communica-
tion signals received,

a vessel adapted to be free diving once it is launched

into the water from said surface, and

a back-up acoustic communication means contained

in said vessel for transmitting preprogrammed en-
coded acoustic communication signals to said un-
derwater site.

21. An acoustic communication system as defined by
claim 20 wherein said vessel is elongated and said back-
up means includes an acoustic transducer at one end of
said vessel, the combination including means remote
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from said transducer in said vessel to render said vessel
buoyant and a weight connected to the transducer end
of said vessel by a line of predetermined length to assure
that the vessel descends with the transducer end pointed
downwardly, and that said vessel float above the floor
of the water a distance predetermined by the length of
said line with the transducer end pointed downwardly.
22. An acoustic communication system for control-
ling equipment operating in water comprising remote
means for transmitting and receiving encoded acoustic
communication signals, said remote means having an
acoustic transducer in said water, and underwater
means for receiving and decoding acoustic communica-
tions signals, and for encoding and transmitting acoustic
communications signals, said underwater means includ-
ing means for decoding acoustic communications sig-
nals received as commands, means responsive to said
decoding means for initiating operations specified by
said signals thus received and decoded, means for en-
coding a response to be transmitted to acknowledge
receipt of a command, and means for transmitting said
response,
one of said commands being to test an actuation com-
mand channel without actuating apparatus of said
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equipment, and another of said commands being to
actuate designated apparatus, said means respon-
sive to said decoding means initiating a test mode
of operation in response to said one of said com-
mands in which mode actual operation of said ap-
paratus is inhibited and said response encoding
means encodes a test response, whereby actuation
commands may be received and decoded by said
decoding means and acknowledged by encoding a
response through said encoding means without
actuation of apparatus, and another one of said
commands decoded by said decoding means being
to terminate said test mode through said operations
initiating means.

23. A system as defined in claim 22 including means
for sequencing encoded data to be transmitted automati-
cally, means for initiating said sequencing means in
response to an interrogate data command code while
said test mode initiated by said means responsive to said
decoding means remains in effect, and means for cycli-
cally transmitting data while said test mode remains in

effect.
% % ¥ * ¥
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